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LOWER HEA11T RIVER AND
ITS TRIBUTARIES-IN THE VICINITY OF
MANDAN, N. DAK.

LETTER
FROM THE

SECRETARY OF THE ARMY
TRANSMITTING

A LETTER

FROM THE CHIEF OF ENGINEERS, DEPARTMENT OF THE ARMY, DATED MARCH !8, _!1)55,TOGETHER
WITH ACCOMPANYING PAPERS AN'D ILLUSTRATIONS,
ON A REVIEW OF REPORT ON THE MISSOURI RIVER
WITH RESPECT TO CONTROL OF FLOODS ON LOWER
HEART RIVER AND ITS TRIBUTARIES, PARTICULARLY
IN THE VICINITY OF MANDAN, N. DAK., REQUESTED BY
A RESOLUTION OF THE COMMITTEE ON PUBLIC WORKS,
UNITED ST ATES SEN ATE, ADOPTED JUNE 1, 1948

PRESENTED

BY MR. CHAVEZ

APRIL1 (legislative day, MARCH 10), 1955.-Referred to the Committee
~ublic
Works and ordered to be printed with two illustrations

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON:

1955

....,

LETTER OF TRANSMITTAL

DEPARTMENTOF THE ARMY,
Washington 25, D. 0., March 18, 1955.

Hon. DENNIS CHAVEZ,
-- Chairman, Committee on Public Works,
United States Senate, Washington, D. 0.
DEAR MR. CHAIRMAN:I am transmitting herewith a report dated
July 27, 1954, from the Chief of Engineers, Department of the Army,
together with accompanying papers and illustrations, on a review of
report on Missouri River, with a view to determining what measures
are necessary and justified at this time to provide for control of floods
on the lower Heart River and its tributaries, particularly in the
vicinity of Mandan, N. Dak. This investigation was requested by a
resolution of the Committee on Public Works, United States Senate,
adopted June 1, 1948.
In accordance with section 1 of Public Law 534, 78th Congress, and
Public Law 732, 79th Congress, the views of the State of North Dakota and the Department of the Interior are set forth in the enclosed
communications. The comments of the Department of Commerce
and the reply of the Chief of Engineers thereto are also enclosed.
Although the Bureau of the Budget advises that there would be no
objection to the submission of the report to the Congress, it states
that no commitment can be made at this time as to when any estimate of appropriation would be submitted for construction of -the rrnthorized project modification, since this would be governed by the
President's budgetary objectives as determined by the then prevailing
fiscal situation. The complete views of the Bureau of the Budget are
contained in the attached copy of its letter.
•
Sincerely yours,
ROBERT T. STEVENS,
Se""cretary
of the Army.
COMMENTS

OF THE

BUREAU

OF THE BUDGET

EXECUTIVEOFFICE OF THE PRESIDENT,
BUREAU OF THE BUDGET,
Washington 25, D. C., February 9, 1955.
The honorable the SECRETARYOF THE ARMY.
MY DEAR MR. SECRETARY:This will acknowledge rec~ipt of Assistant Secretary Roderick's letter of July 28, 1954, submitting the
proposed report of the Chief of Engineers on Heart River at Mandan,
N. Dak., requested by a resolution of the Committee on Public Works,
United States Senate, adopted June 1, 1948.
'
The Chief of Engineers recommends, subject to certain conditions
of local cooperation, modification of the existing project at Mandan
to provide for additional flood protection by means of levee and channr
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nel improvements and appurtenant works along the Heart River.
The Federal cost, based on June 1953 price levels, is estimated at
:$1,726,981. The non-Federal cost for meeting the stipulated condition.s of local cooperation is $463,830. The annaul benefits are estimated at $153,300 from reduction of flood damages. The annua]
carrying charges are estimated at $82,348, of which about $60,893 is
Federal an.d $21,455, including $4,100 for maintenance and operation,
is non-Federal. The benefit-cost ratio is stated to be 1.86.
On the basis of information con-~ained in the report, it would appear that the existing levee system at Mandan, together with Heart
Butte and Dickinson Reservoirs, provides a reasonable degree of
flood protection for the area. Accordingly, we believe that the recommended project modification, which has already been authorized
by the Congress in the Flood Control Act of 1954, would have a low
priority for co:as·bruction when compared with other authorized improvemen·~s of a like nature in localities where_Il<?flood protection has
been provided.
I am authorized by the Director of the Bureau of the Budget to
advise you that there would be no objection to the submission of the
report to the Congress. No commitment, however, can be made as
to when any estimate of appropriation would be submitted for construction of the authorized project modification since this would be
governed by the President's budgetary objectives as determined by
the then prevailing fiscal situation.
•
• Sincerely yours,
CARL H. SCHWARTZ,Jr., •
Chief, Resources and Oivil Works Division.
COMMENTS OF THE GOVERNOR OF NORTH DAKOTA

STATE OF NORTH DAKOTA,
OFFICE OF THE GOVERNOR,
Bismarck, July 9, 1954.
Maj. Gen. S. D. STURGIS,Jr.,
United States Gorps of Army Engineers,
Office of the_Ohiej of Engineers, Washington 25, D. 0.
DEAR GENERALSTURGIS:On behalf of the State of North Dakota
and the North Dakota State.Water Conservation Commission which
is responsible for supervising the State's interest in water conservation
and water development work, I desire to express approval of the proposed lower Heart River flood control project which will provide flood
protection for the city of Mandan, N. Dak.
The North Dakota Water Commission has indicated in previous
resolutions their recommendations toward the development and -flood
control of the Heart River and I feel free to state that the posi~ion of
the commission remains unchanged.
•
.
I wish, at this time, to express my appreciation to Col. H. L. ~ille
for his cooperation and the manner in which he has conducted his
surveys· ·and public hearings relative to this proposed ·proj~ct .. His
c~operation and relationship with the State water conservat10n commis~ion has. been of a h~ghly com~endable nature.
' .,
~~cerely. yours,
•
NORMAN
BRUNSDALE,
Governor.·
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COMMENTS OF THE DEPARTMENT

V

OF THE INTERIOR

DEPARTMENTOF THE INTERIOR,
OFFICE OF THE SECRETARY,
.
Washington 25, D. G., July 28, 1951,.
Maj. Gen. S. D. STURGIS,JR.,
Chief of Engineers,
De'[Xl,rtmentof the Army, Washington 25, D. G.
DEAR GENERALSTURGIS:This is in reply to your letter of June 29,
transmitting for our comments your proposed report, together wit_h
the reports of the Board of Engineers for Rivers and Harbors, and of
the district and division engineers, on a review of report on Heart
River at Mandan, N. Dak.
You report recommends modification of the general comprehensive
plan for the Missouri River Basin to provide for additional flood
protection to Mandan, N. Dak., and vicinity by means of channel
and levee improvements at an estimated cost to the United States of
$1,727,000 for construction.
The Fish and Wildlife Service believes that the proposed modification would not have significant effects on fish and wildlife resources,.
It is probable that some game and fur animals would benefit from the
protection against flooding of bottom-land habitat in this local area.
It is noted that the proposed modification would provide protection
of the Bismarck-De Vaul transmission line and of several hundred
acres of potentially irrigable land.
It appears that your recommended program would not conflict with
plans of this Department and that the Department's interests would
not be adversely affected by adoption of your recommendations.
We appreciate the opportunity of reviewing your report.
•
Sincerely yours,
FRED G. AANDAHL,
Assistant Secretary of the Interior.
COMMENTS OF THE DEPARTMENT

Gen. S. D. STURGIS,Jr.,

OF COMMERCE

THE u NDERSECRETARY
OF COMMERCE
FORTRANSPORTATION,
Washington 25, July 16, 1951,.

Chief of Engineers,
Department of the Army, Wa-shington 25, D. G.
DEAR GENERALSTURGIS: Further reference is made to your letter
of June 29, 1954, requesting Department of Commerce comments on
your proposed report on lower Heart River, N. Dak.
The proposed report recommends modification of the existing
project at Mandan, N. Dak., to provide for additional flood control
protection works. The recommendation is made subject to a proviso
that, among other things, the local interests furnish satisfactory
assurances to the Secretary of the Army that they will raise the
existing bridge and approaches on United States Highway No. 10,
west of Mandan, at an estimated cost of $304,200. The affected
bridge and its approaches also are identified on Department of
Commerce records as part of North Dakota Federal-aid Primary
Route No. 1.
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Because the local iriterests are required to assume the cost of
highway bridge adjustments as one of the conditions for receipt of a
grant of Federal' flood-control money, Federal-aid highway funds are
not eligible to contribute toward the cost of altering the highway
bridge, identified above, for the accommodation of tp.e flood-protection
project.
.It is assumed that, in accordance with usual procedures, a copy of
t~is communication will accompany the report as transmitted to the
Bureau of the Budget and the Congress. If the Department of
_Commerce can be of further assistance in this matter, please feel free
to call on us.
Sincerely yours,
ROBERT B. MURRAY,Jr.
LETTER

TO DEPARTMENT

OF COMMERCE

DEPARTMENTOF THE ARMY,
OFFICE OF THE CHIEF OF ENGINEERS,
Washington 25, D. C., July 27, 1954.
The honorable the SECRETARYOF COMMERCE.
DEAR MR. SECRETARY:Receipt is acknowledged of the letter of
July 16, 1954, from the Under Secretary of Commerce for Transportation, commenting on my proposed report on the Heart River, N. Dak.
He states that, in view of the recommendations made in the report,
Federal-aid highway funds are not eligible to contribute toward the
cost of altering the existing bridge and approaches, west of Mandan,
N. Dak., on United States Highway No. 10, a Federal-aid highway
route, for the a.ccommodation of the local flood-protection project.
Established policies pertaining to local protection projects preclude
provision of highway modifications as a part of the Federal floodcontrol works. Arrangements for highway modifications are considered a responsibility of local interests. However, the CorJ}s of
Engineers is not in a position to determine the propriety of allocating
Federal-aid highway funds to highway modifications necessitated by
local protection projects.
The recommendations contained in my
proposed report are not intended to influence your discretion in
such matters.
-You may be assured that a copy of the letter of July 16, 1954,
together with a copy of my reply, will accompany the report when
it is transmitted to the Bureau of the Budget and the Congress.
Sincerely yours,
S. D. STURGIS,Jr.,
Major General, USA,
Chief of Engineers.

HEARTRIVER:AT MANDAN, N. DAK:
'REPORT OF THE CHIEF OF ENGINEERS,
ARMY

DEPARTMENT

OF THE

DEPARTMENT
OF THE ARMY,
OFFICE ·oF THE CHIEF OF ENGINEERS,

Washington 25, D. 0., July 27, 1954.
Subject: Heart River at M_andan, N. Dak.
To: The Secretary of the Army.
1. I submit herewith for transmission to Congress the report of the
Board of Engineers for Rivers and Harbors in response to resolution
of the Committee on Public Works of the United States Senate, adopted
June 1, 1948, requesting the Board to review the report on Missouri
River, published in House Document No. 238, 73d Congress, 2d session,
and other reports with a view to determining what measures are neces~ary and justified at this time to provide for control of floods on the
lower Heart River and its tributaries, particularly in the vicinity of
Mandan, N. Dak.
2. After full consideration of the reports secured from the district
and division engineers, the Board recommends modification of the
existing project at Mandan, N. Dak., to provide for additional floodprotection works, generally in accordance with the plans of the district
engineer and with such modifications thereof as in the discretion of the
Chief of Engineers may be advisable; at an estimated cost to the United
States of $1,727,000 for construction, provided that local interests furnish assurances satisfactory to t~e Secretary of the Army that they will
(a) provide without cost to the United States all lands, easements, and
rights-of-way necessary for construction of the project; (b) hold and
save the United States free from damages due to the construction
works; (c) maintain and operate all the works after completion in
accordance with regulations prescribed by the Secretary of the Army;
(d) raise the existing United States Highway 10 bridge and approaches
west of Mandan; and (e) cooperate in construction of the Mandan
interior drainage works.
3. After due consideration of these reports, I concur in the views
and recommendations of the Board.
S. D.

STURGIS,

Jr.,

-

Major General, USA,
Ohiej of Engineers.
1
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REPORT OF THE BOARD OF ENGINEERS FOR RIVERS AND HARBORS
CORPS OF ENGINEERS,
UNITED
STATES ARMY,
BOARD OF ENGINEERS
FOR RIVERS AND HARBORS,

Washington 25, D. 0., June 11, 1954.
Subject: Heart River at Mandan, N. Dak.
To: The Chief of Engineers, Department of the Army.
1. This report is submitted in response to the following resolution
adopted June 1, 1948:
.
Resolved by the Committee on Public Work8 of the United Sta.tes Senate, That the
Board of Engineers for Rivers and Harbors, created under section 3 of the R.iverand Harbor Act, approved June 13, 190~, be, and is hereby, reouested to review
the report on Missouri R.h-er, published in House Document No. 238, Seventythird Congress, second session, and other reports with a view to determining what
measures are necessary and justified at this time to proYide for control of floods
bn the lower Heart River and its tributaries, particularly in the vicinity of Mandan,
North Dakota.

2. Heart River rises near the town of Belfield, in southwestern
North Dakota, and flows easterly approximately 241 miles to its confluence with the Missouri River about 6 miles southeast of Mandan,
N. Dak. The drainage area of approximately 3,400 square miles lies
wholly within a semiarid section of the Misisouri Plateau. Elevations
in the basin range from about 3,000 feet above mean sea level in
the headwaters area to about 1,630 feet at the mouth_ of the river.
The gradient of the stream averages about 4 feet per mite· upstream
from Mandan and about 1.8 feet below Mandan. The fertile alluvial
valley of the main stem averages one-half mile in width above Mandan,
while below Mandan it occupies the western portion of the flood plain
of Missouri River. Annual precipitation in the basin is erratic, having
varied at a single station from 6.7 to 31.2 inches, but for the basin as
a whole it. averages about 15.5 inches. Erosion has formed badlands
areas roughly paralleling the main stem and major tributaries. Bankful capacity of the channel is estimated at about 7,000 cubic feet per
second from Heart Butte Dam, river mile 103.5, to Sunny, a town
about 4 miles above Mandan, about 8,000 cubic feet per second to
Mandan, 15,300 cubic feet per second at Mandan, and 4,500 cubic feet
per second from Mandan to the mouth. A part of the existing local
protection project for Mandan, consisting of left bank levees around
the city and right bank levees around the State training school just
upstream, was completed in 1950 at a total Federal expenditure of
$480,144. Authorized interior drainage facilities, estimated to cost
$71,556, have not been accomplished. Two reservoirs, Dickinson and
Heart Butte, have been constructed by the Bureau of Reclamation on
Heart River for municipal water supply and irrigation, and for flood
control and irrigation, respectively. Other Federal and non-Federal
agencies have constructed channel cutoffs and levees in the vicinity
of Mandan.
3. Population in 1950 of the Heart River Basin below Heart ButteDam was 17,200, while that of Mandan, the largest city, was 7,298.
Major activities include agTiculture, livestock raising, and related
services. There is also mining of lignite, production of building
stone, and manufacturing of butter and flour. Mandan, the principal trading and distributing center for a large area west of the
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Missouri River, is a division point on the Northern Pacific Railway.
It has a large creamery, a flour mill, a foundry, and an oil refinery.
4. Floods on lower Heart River most frequently occur during early
spring months as a result of melting snow combined with ice jams.
Late spring and summer rises are caused by rains and heavy local
showers, but floods during these periods are generally less severe than
during spring breakup period. During dry years there are often
days when no flow is recorded. Since 1881, 26 floods of record have
occurred in the vicinity of Mandan. The maximum discharge has
been 30,500 cubic feet per second and the maximum stage, 25.8 feet.
About 2,500 acres of irrigable land, a transcontinental highway,
business establishments, well-developed residential properties, a
main-line railroad, and a number of State and county roads are
subject to damage from Heart River floods in the area downstream
from Sunny. The most damaging flood of record occurred in 1943,
when a discharge of 21,400 cubic feet per second overtopped locally
constructed levees and resulted in damages of $659,000 in Mandan.
Rural damages downstream from Mandan were $352,000 and total
damages throughout the basin were estimated at $1,257,200. Two
lives were lost. Although the existing project levees which were
designed for discharges of 15,000 cubic feet per second W'lth 3 feet of
freeboard and a 3-foot allowance for ice effects, have withstood 2
floods with discharges of about 30,000 cubic feet per second, they were
briefly overtopped in 1952 as a result of a serious ice jam. In the
3-year period since their completion, the levees have prevented damages at Mandan totaling $4,605,000 and in the same period the floodcontrol benefits from Heart Butte Reservoir have totaled $2,288,000.
Average annual flood damages under existing development with
Heart Butte Reservoir operating and Mandan levee in place are
estimated for the three areas under consideration as follows: Sunny
Bridge to Mandan, $14,500; Mandan, $134,400; and Mandan to
mouth, $53,500. Floods along the lower Heart River from backwater on the Missouri River have been reduced with completion of
Fort Peck Reservoir and will be virtually eliminated with completion
of Garrison Reservoir.
5. Local interests generally desire protection from floods on the
lower Heart River. They suggest channel clearing, enlargement,
straightening, and realinement, as well as additional levees, openings
in railroad fills, raised bridges, extended floodways, and upstream
storage and ice-skimming dams to provide protection for the area.
Local interests have offered to cooperate in further improvements for
flood control.
6. The district engineer has investigated several solutions to the
flood problems in the reaches from Sunny to the mouth of Heart River
including a multiple-purpose reservoir, and also an ice-screening dam,
at a site about 15 miles upstream from 11:andan, as well as various
levee plans. He finds that a flood of the snow-melt type with a peak
discharge of 50,000 cubic feet per second has a reasonable chance of
occurrence at Mandan with Heart Butte and Dickinson Reservoirs in
operation. He presents a plan to provide protection against such
discharges at Mandan, with 3 feet of freeboard, and a lesser degree
of protection for the rural areas above and below the city. The
60840-55---2
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pertinent data with respect to the three separable units of the plan
are shown in the following table:
Unit
Item

Sunny to
Mandan

_Estimated first cost: 1
Federal _______________
• ____________________ $68,000
Non-Federal_ ______________________________
450

Mandan
to mouth

Mandan

Total

$1,241,688
375,380

$417,194
88,000

$1,726,981
463,830

68,549
2,517

1,.617,068
60, Ql8

'505,194
19,813

2,190, 81\
82,348

Average annual benefits (adjusted):
· Flood control_ _____________________________
Land enhancement _________________________

3,400
300

105,400
0

41,100
3,100

149,900
3,400

Total _________________
--------- _____-- ---

3,700

105,400

44;200

153,300

1. 47

1. 76

2.23

1.86

.

Total ________________
-__ .. - ------------:Annual carrying charges_______________________

·Benefit-cost ratio ________
•_______________________
• 1

Local cash contribution of $10,484 is excluded.

.

The- district engineer recommends that the general comprehensive
plan of imffetovement for the Missouri River Basin be expanded to
include further flood protection in the vicinity of Mandan, N. Dak.,
by means of levee and channel improvements and appurtenant
works along the Heart River at an estimated cost to the United States
-0f $1,716,497 for construction, subject to certain conditions of local
cooperation including the contribution in cash of 0.5 percent of the
total construction cost, presently estimated at $10,484. The division
engineer concurs.
, 7. Local interests were notified of the nature of the division engineer's report and were afforded an opportunity to furnish additional
information to the Board. Careful consideration has been given to
-the communications received.
•
VIEWS

AND

RECOMMENDATIONS
OF THE BOARD
RIVERS AND HARBORS

OF ENGINEERS

FOR

8. The Board of Engineers for Rivers and Harbors concurs in general
in the views of the reporting officers. Data obtained from recent
floods indicate the necessity for providing increased flood protection
~t Mandan and vicinity. Protection by reservoirs or ice-screening
dams above the city are not economically justified and increased discharge capacity, levee protection, a.nd drainage facilities are required.
The proposed plan considers the effects of the existing reservoirs on
both Heart River and upstream on the Missouri River as well as the
existing protection project for Mandan.
9. The Board notes that the proposed interior drainage works include facilities, authorized for Federal accomplishment by the Flood
Control Act of 1950, which have not been accomplished because the
specified local cooperation has not been provided. The present authority for the construction of the authorized drainage facilities will
expire August 10, 1955. In view of the essential character of these
facilities and the early expiration of the present authority, the Board
concurs with the reporting officers that reauthorization is desirable.
The Board believes that the land-enhancement benefits upon which the
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stipulated local cash contribution is based, is in reality a measure of
future flood damages to be prevented and not land enhancement. The
reporting officers have advised the Board that increased net annual
return from changed land use, as land-enhancement benefits are normally computed, is expected to be very slight. Therefore the Board is of
the opinion that a local cash contribution should not be required. The
Board notes that if current, rather than adjusted, benefits are used inthe economic studies, the benefit-cost _ratio for each of the three units·
varies but slightly from the value reported by the district engineer.
· 10. The Board recommends modification of the existing project at
Mandan, N. Dale, to provide for additional flood-protection works, ..
generally in accordance with the plans of the district engineer and with~
such modifications thereof as in the discretion of the Chief of Engineer&
may be advisable-; at an estimated cost to the United States of $1,727,000 for construction, provided that local interests furnish assurances satisfactory to the Secretary- of the Army that they will (a)
provide without cost to the United Stf.\tes all lands, easements, and
rights-of-way necessary for construction of the project; (b) hold and
save the United States free from damages ·due to the construction··
works; (c) maintain and operate. all the works after completion in
accordance with regulations prescribed by the Secretary of the Army;
(a) raise the existing United States Highway 10 bridge and approacp._e~
west of Mandan; and (e) cooperate in construction of the Mandan
interior drainage works ..
For the Board:
1

.
B. L. ROBINSON,
Major General, USA, Chairman.
REPORT

OF THE DISTRICT

ENGINEER

SYLLABUS

Heart River, a western tributary of the Missouri River, rises near Belfield,,
N. Dak., and flows in an easterly direction to join the Missouri River near Mandan,
N. Dak. Three Federal projects-Dickinson
Reservoir, Heart Butte Reservoir,.
and the Mandan local protection works-have
alleviated the Heart River flood ..
problem. However, a serious flood problem remains in the·rural areas near Mandan, and the city proper would be subject to damage on occurrence of flood discharges equaling or exceeding those of recent years. About 2,500 acres of irrigable
Ian~, a transcontinental highway, a number of State and county roads, a railroad,·
busmess establishments, and well-developed residential properties are subject to.
damage from Heart River floods in the area downstream from United States
Highway 10 bridge at Sunny, N. Dak.
A plan is presented for further alleviating the Heart River flood problem. In
the Sunny area, about 3 miles west of Mandan, which is located on Heart River
ab~ut 6 river miles above the mouth, the plan consists of blanketing a portion of
Umted States Highway 10 to function as· a levee, and construction of a levee from
t~e hi~hway to high ground. It also provides for increasing the degree of protection offered Mandan by increasing the water-carrying capacity of the highway
and railroad bridges west of the city and raising the existing levee and floodwall
downstream to Sixth Avenue SE. East of the city an additional structure would,
be provided in the railroad embankment to relieve flow constriction.
In the reach
downstream from Mandan, the plan would provide a levee from the Northern •
Pacific Railway south branch to the mouth of the river and, also, channel- improvement works to eliminate channel bends. Within the areas proposed for protection,
are valuable agricultural lands, the city of Mandan, extensive commercial develop-,
ment, and a transcontinental highway.
E:mnomic studies indicate a favorable benefit-cost ratio of 1.86 to 1. Federal
cost1:1for construction are estimated to be $1,716,497 and non-Federal costs
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$474,314. Non-Federal costs are based on the requirements contained in the
1936 Flood Control Act which specifies that local interests shall provide without
cost to the United States all lands, easements, and rights-of-way necessary for
the construction of the project; give assura,nces satisfactory to the Secretary
of the Army that they will hold and save the United States free from damage due
to construction of the project; and maintain and operate all works after completion
in accordance -with regulations _prescril;?ed py the Secretary of the Army. In
addition to lands, the principal items of local c:ooperation-include the raiF-ing of a
highway bridge (estimated cost $304,200) and a cash contribution amounting to
0.5 percent of the total construction cost, currently estimated at $10,484, to
compensate for anticipated land enhancement.
In order to insure the integrity of the existing levee protecting the city of
Mandan, it would be undesirable to construct the additional protective works
dowmtream from Mandan prior to raising the Mandan protective works. The
additional protective works upstream from Mandan could be constructed
independently of the other features of the plan.
_ The district engineer recommends that the project be adopted for the protection
~f the lower Heart River flood plain.
CORPS

OF ENGINEERS,

UNITED

STATES
GARRISON

ARMY,
DISTRICT'

Riverdale, N. Dak., February 15, 1954.
Subject: Review Report on the Lower Heart River and Its Tributaries
to Provide for Control of Floods, Particularly in the Vicinity of
Mandan, N. Dak.
To: Division Engineer, Missouri River Division, Corps of Engineers,
Omaha, Nebr.
1. Authority.-Authority
for this review report is contained in the
following quoted resolution adopted June 1, 1948:
Resolved by the Committee on Pubtic Works of the United States Senate. That
the Board of Engineers for Rivers and Harbors, created under section 3 of the
River and Harbor Act, approved June _13, J902, be, and is hereby, requested to
review the report on Missouri River, published in House Document No. 238,
Seventy-third Congress, second session, and other reports with a view to determining what measures are necessary and justified at this time to provide for
control of floods on the lower Heart River and its tributaries, particularly in the
vicinity of Mandan, North Dakota.
_

'fhe study designated in the above resolution was assigned to the
division engineer, Missouri River Division, by the Chief of Engineers
on June 30, 1948, and to the district engineer, _Garrison District, on·
July 8, 1948.
•
- 2. Scope.-This
report, which is of survey scope, summarizes
investigations and studies accomplished to determine the most feasible
plan of providing flood protection for agricultural land, urban areas,
highways, and railroads along the Heart River in the vicinity of
Mandan, N. Dak. The area of primary interest extends from United
$tates Highway 10 bridge at Sunny, N. Dak., to the mouth of Heart
River. In order to determine the most desirable physical and
economical protection, investigations and studies included consideration of existing reservoirs and local protection works.
3. Topographic map~ used as a basis for report studies we!e _obtained from the North Dakota water Conservation Comm1so1on.
Channel cross sections were surveyed from He~rt Butte Dam t~ ~he
mouth of Heart River and were used to determme channel capacities,
and in backwater computations.
Subsurface borings were made. to·
ascertain the type and suitability of emb~nkme°:t an_d fou!lda~10R
rµaterials -in the area of proposed construct1~:m. F~eld mv~st1gat1<::ms
were made of flood damages in the areas subJect to mundat10n durmg
periods of high water.
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4. Office studies included the consideration of hydrologic and geologic features, damage and bene~t deter~ations,
prel~ary
design
of structures, analysis of relocations. reqmred,. and quantity and _cost
estimates for each plan of protect10n conceived to be potentially
feasible. Local and other interested agencies were consulted frequently to insure that their desires were given full consideration.
5. Prior reports.-House Document No. 2~8, 7~d ~ongress, ~d
session, contains the general report on the MISsoun River mad~ Ill
accordance with House Document No. 308, 69th Congress, 1st sess10n.
The report discuss-ed the Heart River as one of the minor tributaries,
and concluded that improvements were not feasible at t1tat time.
.
6. Pursuant to the River and Harbor Act of 1935, and the Senate
resolution adopted June 22, 1937, a report on the then proposed
Heart Butte Reservoir was submitted by the district engineer, Omaha,
Nebr., to the division engineer, Kansas City, Mo., July 14, 1937.
This report concluded that flood protection could be provided more
economically by means of levees; that irrigated lands would be incapable of sustaining required maintenance and operation charges;
and that in view of the foregoing facts and the general economic
situation the project was not economically justified.
7. House Document 294, 79th Congress, 1st session, dated May 15,
1944, recommended that the Heart Butte Dam and Reservoir be
constructed for the primary purpose of providing flood protection
below the dam, particularly at Mandan, N. Dak., and for silt control;
provided that, if desirable at the time of construction, the capacity
of the reservoir be increased to the extent found practicable for
multiple-purpose use for flood control, irrigation, and other purposes,
and that existing levees at Mandan, N. Dak., and the State training
school be raised and relocated, together with construction of necessary
appurtenant structures, to supplement the flood control provided by
Heart Butte Reservoir. During the time the report was being reviewed by higher authority, Congress adopted the general comprehensive plan for the Missouri River Basin as set forth in House Document No. 475 and Senate Document No. 191 as revised and coordinated by Senate Document No. 247, 78th Congress, 2d session. The
Flood Control Act approved December 22, 1944, authorized construction of Heart Butte Reservoir by the Bureau of Reclamation.
Consequently the report of the Chief of Engineers recommended only the
local protection works at Mandan, which project has been completed
with the exception of the interior drainage works.
8. Senate Document No. 191, 78th Congress, 2d session, contained
the report by the Secretary of the Interior on the Bureau of Reclamation's plan for Missouri River Basin development, and proposed construction of the Heart Butte and Dickinson Reservoirs on the Heart
River, with purposes stated as irrigation, power, flood and silt con~
trol; and irrigation and municipal water supply, respectively. These
two reservoir projects have been completed and are in operation.
Heart Butte Dam is located south of Glen tnlin, N. Dak., 103.5
miles above the mouth of the river, and Dickinson Dam near the
city of Dickinson, N. Dak., 205 miles above the mouth.
9. Description.-Heart River, which is approximately 241 miles in
length, rises near the town of Belfield, in southwestern North Dakota,
and flows in an easterly direction to its confluence with the Missouri
River at miJe 1,373.3, 1941 adjusted mileage. The drainage area of
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.the basin contains a total of approximately 3,400 square miles, of
which about one~half is controlled by Heart Butte Reservoir. A
.general map of the region is shown on plate 1, appendix I,1 and a
general plan of the project area is attached to this report .
. 10. The Heart River Basin lies entirely within the Missouri Plateau,
and upland topography is generally characterized .as flat or gently
rolling. Elevations in the basin range from about 3,000 feet mean sea
level in the headwater area to 1,630 feet mean sea level at the confluence with the Missouri River. The city of Mandan is located on
Heart River 6. riv:er miles above the mouth and on the edge of the
Missouri River flood plain. The gradient of the stream averages
about 4 feet per mile upstream from Mandan and about 1.8 feet below
Mandan.. Natural vegetal cover consists generally of brush and grass,
with few trees except in small areas fringing the main streams.
11. Throughout the upper half of its course the channel of the
Heart River is cut into the Fort Union formation. At a point about
midway in its length, the stream has cut through the base of the Fort
Union and entered the Lance formation, cutting successively lower
until, at the mouth, it is within a few feet of the base of the Lance
formation. The soils of the basin are formed principally by disintegration. of the shales and sandstones of the Fort Union and Lance
formations. The better farming lands are composed of silt and siltloam. Clay to clay-loam predominates in the badland areas. Natural drainage is generally good and surface soils are for the most part
free from excessive amounts of alkali.
12. Ban.kfull capacity of Heart River channel is estimated to be
about 7,000 cubic feet per second from Heart Butte Dam downstream
to Sunny, 8,000 cubic feet per second in the rural reach from Sunny
to the Northern Pacific Railway south branch, 15,300 cubic feet per
second in the Mandan levee reach, and 4,500 cubic feet per second
downstream from the city.
13. Economic development.-Total population of the Heart River
drainage basin below Heart Butte Dam is estimated to be 17,200.
Rural areas are lightly populated with an average density of approximately 3.9 persons per square mile. Mandan is the largest city in
the area and had a population of 7,298 in 1950. The majority of the
area's inhabitants are engaged in agriculture, livestock raising, and
related service activities. In addition, there is some mining of lignite
coal, production of building stone, butter and flour manufacturing.
(See Appendix IV: 1 Economic Analysis, for detailed economic statistics.)
14. Agriculture, although the principal means of support for a
large portion of the area's population, is not as intensively developed
as would be the case if precipitation were greater. Soils, particularly
in the alluvial plain along the Heart River, are very productive and
well adapted to irrigation development.
Due to the lack of a sustained water supply iu the past, irrigation development has been
limited. However, the Bureau of Reclamation has plans for developing irrigation facilities to serve approximat~ly 13,180 acres of farmland downstream from Heart Butte Reservoir.
15. Natural resources in the lower Heart River drainage area consist principally of partially developed mineral wealth. Large deposits
1
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of lignite coal are found in the area as well as deposits of limestone,
quartzite, volcanic ash, and clay for pottery.
16. The main line of the Northern Pacific Railway crosses the
Missouri River east of Mandan and traverses the basin in an eastwest direction. Three branch lines of the railroad originate in
Mandan serving areas to the north, south, and southeast of the
Heart River Basin. A transcontinental highway, United States Highway 10 also crosses the Missouri River between Bismarck and
Manda:r{ and roughly parallels the railroad westward across the Heart
River Basin. The North Dakota State Highway Department has,
estimated that United States Highway 10 between Bismarck and
Mandan normally carries a daily traffic load of 1,500 trucks and buses
and 3,500 passenger cars during the flood season. An adequate
system of State and county roads provides access into that portion of
the Heart River drainage basin under study.
17. Mandan is the principal trading and distributing center for a,
large area west of the Missouri River. The city is located near the
mouth of the Heart River and on the opposite bank of the Missouri
River from Bismarck, the capital city of North Dakota. Mandan is a
division point on the Northern Pacific Railway, and is the home of a
large creamery, a flour mill, a foundry, and an oil refinery. Hotel,.
hospital, educational, and religious facilities are good, and the State
training school is located adjacent to the west city limits.
18. The principal recreational feature along the lower Heart River
is Fort Lincoln State Park, which is within easy reach of Mandan by
automobile. Further recreational facilities have become available
with the construction of Heart Butte Reservoir.
19. Olimatology.-The climate is semiarid with relatively light normal precipitation and high rates of evaporation. Average annual
precipitation is 15.5 inches, with about 60 percent normally occurring
during the growing season. Annual precipitation is erratic and has
varied at a single station from 6.72 to 31.16 inches. .Average annual
snowfall varies from 30 to 40 inches per year. Winters are long and
cold, and summers short and hot, with an average frost-free growing
period of 128 days. Recorded temperatures vary from a maximum
of 119° to a minimum of -50°.
Mean monthly temperatures range
from 10° in January to 71 ° in July, with a mean annual temperature
of about 41 °. Prevailing wind direction is northwest, and surface
winds are strong and gusty.
20. Runoff and stream-flow data.--Stream flow in the Heart River is
erratic, fluctuating rapidly between high and low stages and varying
widely from year to year. High stages generally prevail during the
early spring months as a result of melting snow. Late spring and
summer rises are caused by rains and heavy local showers, but floods
during these periods are generally less severe than during the spring
breakup period. During dry years there are often days when no flow
is recorded. Winter stages are low and the streams are usually frozen
over from November to March. Most floods occur during the early
spring as a result of snowmelt runoff combined with jamming ice ..
The greatest floods of record, those of March 1943, April 1950, and
April 1952, were the result of excessive snowmelt runoff. Ice conditions and debris were .contributing factors but excessive discharges
were the main cause of the floods.
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21. Floods of record.-There have been 27 floods of record in the
Heart River Basin since 1881, of which 26 have caused overbank
flooding in the vicinity of Mandan. Only five floods are known to
have been caused entirely by excessive runoff from rainfall. The
balance have been caused by rapid runoff from snowmelt in combination with ice jams on the Heart River, the Missouri River, or both, and
have generally affected only the lower basin. The maximum discharge
of the 1950 flood, observed at Mandan (Sunny) gaging station was
30,500 cubic feet per second with a stage of 23.64 feet. A peak stage
of 25.8 feet was reached during the 1952 ice jam flood, although the
maximum discharge was 30,000 cubic feet per second. Comparison
of the Bismarck gage records with ground elevations in the area below
Mandan indicates that this area has been flooded numerous times since
1881 by backwater from the Missouri River. However, the completion of Fort Peck Reservoir has improved flood conditions in the Bismarck-Mandan area, and it is anticipated that completion of Garrison
Reservoir will eliminate flooding from the Missouri River in that
area. (See Appendix IV: 1 Economic Analysis, for a description of
past floods.)
22. Standard project flood.-As has been indicated, damaging floods
along the lower Heart River have generally been of the snowmelt
type. On this basis, a hypothetical standard project flood has been
developed to serve as a criterion on which to base required levee
grades. The flood is based on an assumed combination of conditions
causing rapid snowmelt and runoff. The resulting runoff was equivalent to 4.21 inches of water over the entire basin and would have a
peak discharge of 50,000 cubic feet per second at Mandan with
Heart Butte and Dickinson Reservoirs in operation. (See appendix
III: 1 Standard Project Flood, for details of development.)
23. Extent and character of flooded area.-Approximately
19,000
acres of land are subject to flooding along the Heart River downstream
from Heart Butte Dam. Of this acreage, 10,300 acres are cropland,
4,200 acres are pasture land, and the balance is timber and brush
land. The cropland is highly productive under favorable conditions
and is currently producing cereal grains and commercial hay. The
pasture land provides excellent forage for the livestock raised in the
area. With stream regulation now partially accomplished by recently
completed Federal projects, the major flood problems along the Heart
River are confined to the vicinity of Mandan. Above Mandan, the
flood plain is restricted and overflows will inundate only small areas.
At Mandan, the existing levee system provides a moderate degree of
flood protection. Downstream from Mandan, the river channel
meanders through a broad, flat plain bounded on the east by the
Missouri River and on the west by the sharply rising side slopes of·
the Missouri River Valley. Until recently, a highly developed tract
of 220 acres in the area downstream from Mandan was occupied by·
the United States Soil Conservation Service nursery. The tract was
protected by a ring levee and was subject to inundation only at
extreme flood stages. However, due to repeated flood damage in
recent years, the Soil Conservation Service has relocated the nursery
out of the flood plain. Frequent Heart River floods over the past
several years have caused extensive damage to agricultural lands by
a Not printed.
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cutting deep gullies in fields, washing away quantities of topsoil
from large areas, and covering other areas with _heavy deposits. of
silt sand and debris. The Bureau of Reclamation, m connection
with.the' Heart Butte Reservoir, has planned extensive irrigation
development in downstream areas. However, the Bureau has indicated that it could not propose development of the land under present
conditions owing to damage which would occur to irrigation works
almost annually because of floods.
24. United States Highway 10 carries a large volume of interstate
and cross-country traffic and traverses the Heart River flood plain
for a distance of 2 miles between Mandan and Bismarck. This 2mile section is subject to inundation during the flood season which
results in the suspension of traffic for periods varying from 2 to 11
days, with attendant delays and increased transportation costs.
Numerous business establishments and residences occupy land in the
flood plain adjacent to this highway and are subject to flooding
with consequent damage due to inundation and incidental damage
due to transportation difficulties and loss of trade. The North
Dakota State Highway Department has considered raising the highway across the flood plain, but the plan has been opposed by local
interests. However, current planning by the highway department
contemplates the eventual relocation and raising above the flood
plain of United States Highway 10 between Mandan and Bismarck.
25. In the reach, Sunny to Mandan, both United States Highway
10 and the Northern Pacific Railway are subject to flood damage from
extremely high flood stages. The city of Mandan is also subject to
inundation on occurrence of flood stages equaling or exceeding those
of recent years. The levee system completed by the Corps of Engineers in 1950 was designed to protect the city from Heart River
flood discharges of 15,000 cubic feet per second with 3 feet allowance
for ice effect and 3 feet allowance for freeboard. During 1950 the
levee system successfully protected the community, with about 4 feet
of freeboard, from a flood discharge of 30,500 cubic feet per second.
However, a similar discharge in 1952, accompanied by an ice jam
downstream from the south branch railroad bridge overtopped the
levees in the section upstream from the bridge. Major floods occurring in 1950 and 1952 presented the first opportunity for procurement of detailed hydrologic data on potentialities of snowmelt floods.
Analysis of this data indicated that the city of Mandan should be
protected against flood discharges much higher than previously contemplated. The standard project flood, developed in connection
with this review report, indicates a reasonable likelihood that a discharge of 50,000 cubic feet per second could occur on the Heart
River at Mandan. Such a discharge would overtop the existing
levee and cause damage to approximately 543 residences, 188 business
establishments, a school, 3 churches, the powerplant, State training
school, the railroad embankment, yards and buildings, grounds
devoted to public use facilities, a large number of house trailers,
streets, and utilities. It is estimated that occurrence of the standard project flood would cause a total damage of $3,970,000 along the
Heart River downstream from United States Highway 10 bridge at
Sunny, of which $3,440,000 damage would be sustained in Mandan.
26. Flood damages.-The flood history of the Heart River Basin
dates back to 1881, although damage records for the earlier floods are
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incomplete. An investigation of past damage, to and including 1944,
was made during 1943 and 1944 in connection with preauthorization
studies of the Mandan local protection project. Since that date,
detailed surveys of damage have been made following each flood
period.
27. The flood of March 1943 was the most damaging flood of record,
although peak stages and discharges were exceeded in subsequent
years. It was caused by rapid snowmelt, occurring prior to the spring
ice breakup, and almost 100 percent runoff over frozen ground.
Large areas of agricultural land were inundated, and extensive damage
was suffered as far usptream as Dickinson, N. Dak. Nearly the entire
area between Mandan and the mouth of the river was flooded. United
States Highway 10 between Mandan and Bismarck was inundated to
depths of 5 to 6 feet and was closed to traffic for a period of approximately 10 days. Total damage in the lower Heart River area, excluding the area now protected by the Mandan levee, amounted to
approximately $352,000 of which a major portion was attributable to
delay or rerouting of traffic and loss of business due to the highway
closure east of Mandan. In Mandan, the 1943 flood caused damages
of $659,000 when it overtopped the locally constructed levee and inundated three-quarters of the city, including a major portion of the
business district. Nearly 200 homes and numerous business establishments were damaged by the floodwaters. Floods occurring in
subsequent years, due chiefly to ice jams in the Heart River, caused
damages in the area south and east of Mandan similar to those of the
1943 flood, and in 1948, portions of Mandan were again inundated
when high river stages caused floodwaters to overtop the levee. A
detailed discussion of past floods and damages appears in appendix
IV 1 of this report.
28. Owing to the variable and uncertain effect of ice upon river
stages, neither peak stage nor discharge is an entirely reliable indicator
of the damage caused by a particular flood. However, in studies to
develop average annual damage on a probability basis, it was found
that damages over an extended period of time for the reach from Sunny
to the mouth correlated well with stage at the Mandan gage. For
this reason, damage-frequency curves were developed for that reach
on a stage-damage basis. Details of the procedure are given in
appendix IV. 1
29. Average annual flood damages under existing development with
Heart Butte Reservoir operating and the Mandan levee in place are
estimated to be: Sunny area, $14,500; Mandan, $134,400; and area
downstream from Mandan, $53,500. With future irrigation development, it is estimated that the average annual damages will be: Sunny
area, $15,100; Mandan, $134,400; and area downstream from Mandan,
$57,600.
30. Existing Corps of Engineers flood-control project.-The Mandan
local flood-protection project was authorized by Congress in the Flood
Control Act approved July 24, 1946 (Public Law 526, 79th Cong., 2d
sess.). Authority for the Federal Government. to provide interior
drainage facilities was contained in the Flood Control Act approved
May 17, 1950. The project provides protection for the city of Mandan
on the left bank of the Heart River and for the State training school
. t Not printed.
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on the right bank adj~cent to the w:est city limits ~f Mandan. The
protective works consist of approXImately 3.67 miles. of left bS;nk
levee beginning at high ground on the west edge of the city, extendmg
downstream along the river to the N <?r.t1?-ern
Pacifi~ Railway's _south
branch bridge thence northward util1zmg the reinforced railroad
embankment ~here possible, crossing United States Highway 10
with a stoplog structure, and tieing to the railroad's north branch
embankment; and approximately 0.74 mile of right bank levee beginning at the United States Highway 10 embankment west of Mandan
and extending south to a tie with high ground southeast of the State
training school buildings. Cons_truction of ~he leyee ~ystem_ was
initiated in 1949 and completed, with the exception of mter10r dramage
facilities, on July 31, 1950. Construction of the interior drainage
facilities has been deferred pending receipt of assurances of local
cooperation. Total estimated cost of the project as of July 1, 1953,
was $690,284, of which $551,700 was Federal cost for construction
and $138,584 local cost for lands, bridge alterations, and damages.
There has been a Federal expenditure of $480,143.62 for new work
from regular funds. The difference between the estimated cost and
the expenditure, amounting to $71,556.38, is due to the interior
drainage work not yet accomplished. Estimated average annual
non-Federal cost for maintenance and operation of the project is
$3,000. The Mandan levee has contributed to the city's economic
stability by prevention of flood damages estimated at $1,435,000 in
1950, $1,215,000 in 1951, and $1,955,000 in 1952.
31. Improvements by other Federal and non-Federal agencies.-Many
years ago levees were built around the Northern Pacific Railway shops
and yards in Mandan and around the Russell Miller Milling Co.
grounds at the south edge of the city. These projects afforded little
protection to other areas. The first flood-protection project of any
size was a dike built in 1935 for protection of the golf course at the
southwest corner of the city. Also, after the flood of 1935, the Civilian
Conservation Corps constructed a dike around their camp located
east of the mill.
32. The first work designed to protect the city was commenced in
1936 when the Federal Emergency Relief Administration started
construction of a levee along the left bank of Heart River from the
county bridge west of Mandan (washed out during 1948 flood) to the
Northern Pacific Railway south branch bridge east of the city. This
work included a cutoff eliminating a large bend of the stream extending
northward to the Northern Pacific Railway shops and roundhouse.
A short closure levee was also constructed between the Northern
Pacific Railway south branch and main line, crossing United States
Highway 10 approximately 600 faet east of the underpass at the east
edge of Mandan. The project was completed in 1940 and included a
levee 2.8 miles long with the crown elevation varying from 1,644.0
mean sea level at the lower end to 1,655.0 mean sea level at the upper
end. After its completion, the levee was overtopped several times,
and extensive repairs were necessary.
~3. The State training school during the years 1938 and 1939 constructed a levee to protect its property from inundation by Heart
River. This levee followed the right bank of Heart River and extended from the Northern Pacific Railway bridge west of Mandan to
the high bluffs south of the training school. It was overtopped and
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largely destroyed by the March 1943 flood. The Corps of Engineers.
reconstructed the levee at a cost of $5,990, with funds contributed by
the State of North Dakota. During the flood of April 1944, portions
of this levee were again overtopped, causing an estimated damage to
the levee of $2,100.
34. Flood-control works which have been constructed to protect
areas east of Mandan are:
(a) A levee around the 220-acre tract of the Soil Conservation
Service nursery, located on the left bank of Heart River southeast of
Mandan. This levee was constructed during the winter months of
1938-39 to about elevation 1,643.0 mean sea level by the Civilian
Conservation Corps. The structure was overtopped in 1939 and was
repaired and strengthened during the years 1939-1941. The floods
of March 1943, April 1944, March 1945, March 1947, March 1948,
and March 1949 caused small amounts of damage to the levee by
scour. During the summer of 1948 the levee was raised about
feet
along the reach that borders the Heart River, and the southwest corner was moved landward approximately 300 feet to provide a wider
floodway for the stream at that point. In 1950 and 1952 the levee
was again overtopped and damaged and, as a result, the Soil Conservation Service has relocated the nursery away from the flood plain.
(b) A levee, on the left bank of the Heart River, extending from
the Northern Pacific Railway south branch bridge to the northwest
corner of the United States Soil Conservation Service nursery levee,
was started by Morton County in 1937 and completed by farm property owners with the aid of Civilian Conservation Corps labor. It
was originally constructed with a crown elevation of about 1,643.0
mean sea level. The flood of 1943 overtopped the levee and washed
out several long sections. The floods of 1944, 1947, and 1948 completed its entire removal. In the summer of 1948, in order to protect
United States Highway 10, the North Dakota State Highway Depart•
ment constructed a new levee at this location, grading from about
elevation 1,646.0 at the Northern Pacific south branch bridge to about
1,644.0 at the junction with the Soil Conservation Service levee. Also
at that time two high-water cutoff channels were excavated, one across
the northward bend opposite the 60-inch sewer from Mandan and the
other across a bend near the northwest corner of the Soil Conservation
Service levee. The timber and brush between this levee and the left
bank were also cleared from the south br8 1ch bridge to about the
northwest corner of the Soil Conservation Service levee to give a wider
floodway. During the flood of March-April 1949 it became necessary
for the city of Mandan to dynamite a breach in the new levee, a few
hundred feet east of the south branch bridge, to lower stages on the
Mandan levee which was being overtopped by floodwaters. The
breach was repaired during the fall of 1949 and the levee was enlarged
and graded from elevation 1,648.5 at the south branch bridge to
1,646.5 at the nursery levee. During the 1950 flood, the levee was
breached and later repaired and strengthened.
Again in 1952, the
levee was overtopped and damaged, and the south branch railroad embankment was damaged after it was dynamited to provide additional
waterway for floodwaters. As a result of protests from Mandan
residents, the levee was not repaired and during the following summer,
approximately 1,000 feet of the levee downstream from the railroad
embankment was remov.ed. Of all the flood-control works con•
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-structed in the area, by other Federal and non-Federal agencies,
the cutoff channels are the only remaining features that will be useful
in assisting to relieve the flood problem.
35. Two reservoirs Dickinson and Heart Butte, have been con-structed by the Bure~u of Reclamation on the Heart River. Dickin-son Dam is located 2 miles southwest of Dickinson, N. Dak., and
was designed to provide a water supply for t~e city_ and irrigation
water for about 700 acres of land. No storage 1s specifically allotted
to flood control; however, some small flood-control benefits may be
.expected as an incidental feature of reservoir operations. Heart
Butte Dam, completed in 1950, is located 103.5 miles above the
mouth of Heart River and was designed as a multiple-purpose project
for flood control and irrigation. The reservoir has a total storage
-capacity of 225,000 acre-feet, of which 150,000 acre-feet have been
.allocated to flood control. Substantial benefits have resulted from
reservoir operations for flood control. The following tabulation gives
the estimated damage prevented along the Heart River downstream
from the reservoir and the estimated stage reductions at Mandan
<luring flood periods since the reservoir began operation:
Year

Stage reduct:on at
Mandan

Feet

1950.. ____-- ___--- __-- _______-- _____-- -- _____________
-- __• ______-- ___________
1951________________________________________________________________________
_
1952.___________
-- ____-- ______-- __-- ___-- _---- ______________________________
_

3. 66
1. 2
1. 2

Flood damage prevented
$1, 20S,000
645,000

435,000

.' 36. Improvements desired.-A public hearing was held in the Memorial Building at Mandan, N. Dak., on April 15, 1949. (See Appendix
V: 1 Public Hearing.) The meeting was attended by about 200 local
residents and representatives of Federal and Stat.e departments, local
_governing bodies, and industries within the area. The purpose of
the hearing was to obtain a discussion as to the nature and merits of
the flood-control improvements that were desired and the allied benefits _that might be expected from such improvements.
Past floods
were discussed, particularly those which caused flooding and closing
-ofUnited States Highway 10 east of Mandan and the destruction of
crops and reduction of soil productivity of the farmland south of the
highway. The testimony presented at the hearing indicated that
local interests were agreed as to the necessity of flood protection for
the lower Heart River area. The greater part of the discussion dealt
with means of providing such protection. One plan to accomplish
t~e-desired results was presented by representatives of the Mandan
City Commission. It contemplated rerouting the river from the
Morton County Bridge· on Sixth Avenue SE. across the Henke Flats,
through a new opening in the south branch railway fill, and then
south along the railway to the Missouri River. Essentially the same
plan was proposed by Soil Conservation Service interests, differing
only in proposing additional floodway through the railway fill by
co~struction of a trestle while retaining the present location of the
railw_ay bridge. The State highway department indicated approval
1
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of the plan, stating that corrective measures should start at the Mis~
souri River and work toward Mandan with the straightest possible
channel and with suffi_cient depth to carry the ice to the Missouri
River. The general plan was also endorsed by a majority of speakers
at the hearing. The opinion was expressed that a retention reser~
voir, located not far above Mandan, would be the ideal solution;
however, no potential reservoir site was mentioned.
.
.•
37. In January 1952, a conference was held in the office of the
Governor of North Dakota with representatives of property owners in
the Sunny area west of Mandan. Spokesmen for local interests
expressed a desire for the Corps of Engineers to study the flood
problem in their area with a view toward construction of remedial
measures.
38. During the fall of 1953, local interests held meetings to express
their interest in flood control. To permit local property owners to
cooperate with the Federal Government in construction of floodcontrol works, the State water conservation commission established
the Lower Heart River Water Conservation and Flood Control Dis-trict of Morton County. Subsequently, meetings were held with the
directors .of this organization to acquaint them with the proposed
flood-control plan. The directors, by resolution, expressed their
general approval and concurrence in the proposed protective works .
. 39. Flood problems.-Floods along the lower Heart Riv_er may b~
caused by ice jams, high runoff or, near the mouth, by backwater
from Missouri River floods, or by a combination of these causes.
In the reach between Heart Butte Dam and Mandan, agricultural
areas occupy the fertile lowlands of the river valley and are subject
to inundation and severe damage at the time of spring breakup or,
less frequently, by summer rises resulting from heavy rains. Becau~e
of inadequate channel capacity, overflow starts at a relatively low
discharge in the reach from Mandan to the mouth and, due to the
flat, broad flood plain, inundates a transcontinental highway, commercial establishments, and large areas of agricultural land, causing
extensive damage. Heart Butte Dam has partially relieved flood
conditions along the river between the dam site and Mandan, the
Mandan levee system has provided a moderate degree of protection
for that city, and Garrison Dam will prevent flooding along the lower
Heart River due to Missouri River backwater. The remaining flood
problems of sufficient severity to justify remedial measures at this
time are located along the river from Sunny to the mouth.
40. Solutions considered.-A potential reservoir site was located
about 15 miles upstream from Mandan. A multiple-purpose reservoir at this site, designed to retain ice, reduce flood discharges to
within downstream channel capacities, and store water for irrigation
or other uses, would be feasible and would have adequate storage
capacity to provide almost complete protection from Heart River
floods for all areas downstream from the dam; however, the cost of
such a reservoir would be far in excess of potential flood benefits, and
Heart Butte Reservoir will provide storage for all irrigation potentialities of the region. An ice-screening dam, designed to retain ice
and continue to pass the flow of the river, was studied for this site,
but investigations indicated that the location was too far upstream to
provide positive control of .ice jams at Mandan. Other potential
sites for an ice-screening dam nearer Mandan are economically in-
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feasible due to extensive highway and railway relocations required:.
Lack of assurance of the positive effectiveness of such a structure was-.
also a deterrent.
41. Several levee plans, modifications and combinations of plan~were studied in developing the most feasible solution to the flood"
problem along the Heart River from Sunny to the mouth.
(a) In the Sunny area, consideration was given to possible levee·
heights, the feasibility of raising the railroad and highway bridges,
and the feasibility of raising the highway.
.
(b) In the Mandan area, consideration was given to various leveeraises, the feasibility of raising the railroad and highway bridges west
of the city, a levee on the south side of the river to protect Keidel
Flats, channel relocation downstream from the Sixth Avenue SE~
(Dogtown) Bridge, and a levee on the south side of the river to protect Henke Flats.
(c) In the area east of the Northern Pacific.Railway's south branch 1.
consideration was given to a number of levee locations, channel relo ...cations, addition of another opening through the railroad embankment, relocation of the existing railroad bridge, and raising United
States Highway 10.
42. Flood-controlplan.-Protection
from the standard project flood
discharge of 50,000 cubic feet per second is not economically justifiable in the Sunny area. However, a serious flood problem exists which
warrants remedial measures to the extent justified by the economic
benefits. Construction costs in the Sunny area are economically
justified up to flood discharges that would overtop United States
Highway 10 downstream from the Sunny Bridge. Consequently, a
design discharge of 28,000 cubic feet per second (equal to a stage of"
23.5 feet on the Mandan gage) was adopted with a water surface·
elevation 2 feet (to allow for freeboard) below the highway grade.
The proposed Sunny unit would provide for utilizing United States.
Highway 10 embankment from the Sunny Bridge to the west closure
levee of the existing Mandan project, and a closure levee located just
east of the Sunny Bridge to extend from United States Highway 10
south to high ground. In planning the proposed levee upstream from
the Sunny Bridge, an allowance of 5 feet was made for free board; 2
feet normal freeboard and an additional 3 feet for the effect of ice
jamming at the railroad bridge. The proposed levee would be located
on the right bank of Heart River, extending south approximately
l,~50 feet ~rom near the right abutment of United States Highway 10
hndge to high ground. The levee alinement would cross the Northern
Pacific Railway with the levee tieing into the railroad embankment.
Crest width would be 10 feet and levee side slopes would be 1 vertical
on 2½ horizontal riverward and 1 vertical on 2 horizontal landward.
In utilizing United States Highway 10 embankment as a levee, an
earth blanket would be provided, where required, to insure proper
functioning for flood control. (See appendix I, pls. 2 and 3.1)
43. Additional flood protection is justified for the city of Mandan
&;'1d
necessary if consideration is to be given to rural levees downstream,
smce recent flood events have indicated the Heart River flood potential
to be considerably greater than present levees will handle. It is
planned to increase flood protection for the city by raising the existing
1 Not

printed.
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levee system to a height that would pass flood discharges of 50,000
cubic feet per second (standard project flood equal to a stage of 27.9
feet at the Mandan gage) with 3 feet of freeboard. United States
Highway 10 bridge on the west side of the city would be raised and
lengthened. The Northern Pacific Railway bridge on the west side
of Mandan would be equipped with a lifting device to permit temporarily raising it above the design maximum water surface elevation.
The proposed levee raise would vary from about 4 feet at the upstream
end to zero at Sixth Avenue SE. The existing floodwall would be
raised 1. 1 feet. Crest width of the levee would be unchanged at 10
feet, and side slopes would be 1 vertical on 2 ½ horizontal riverward
and 1 vertical on 2 horizontal landward. (See appendix I, pis. 2
and 3.1)
44. It is planned to protect the rural area downstream from Mandan
against flood discharges of 40,000 cubic feet per second (equal to a
stage of 26.0 feet at the Mandan gage) with 2 feet of freeboard. The
lesser design discharge and freeboard have been adopted both because
of lesser economic values involved and as an additional safeguard for
the Mandan levee. The lower (downstream) levee would provide an
escapeway for floodwaters into the Missouri River before ice jams in
that reach could cause backwater to overtop the Mandan levee and
inundate the city. Proposed improvements would consist of approximately 10,000 feet of channel relocation in a 2,000-foot cleared floodway, and 19,000 feet of levee along the left bank from the presen\
south branch bridge to a point near the mouth of the river. The
proposed levee would have a crest width of 10 feet with side slopes of
1 vertical on 2½ horizontal riverward, and 1 vertical on 2 horizontal
landward. The top of the right bank of the Missouri River at its
intersection with the levee would fall in the levee freeboard. Im..
proved portions of the channel downstream from the south branch
railroad would have a bottom width of 150 feet and side slopes of 1
vertical on 1½horizontal. Channel improvements in the downstream
reach would consist of cutoffs to eliminate river bends and the clearing of timber and brush from the floodway to improve flow characteristics. (See appendix I, pis. 2 and 5.1)
45. It is proposed to construct the project units by stages to insure
the integrity of the Mandan protective works. Hence, construction
of the downstream unit should not be undertaken prior to raising the
Mandan levee system. Sine~ the proposed Sunny unit would not,
affect the other units, construction of this unit could be accomplished
independently of the rest of the project.
46. Sufficient subsurface explorations were conducted in each of the
three areas for which flood-control works are planned to ascertain the
general foundation conditions and the type of material available for
embankment purposes. These investigations revealed that founds.•
tion conditions would be satisfactory for levee construction and
material obtained from channel excavation would be suitable for use
in levee embankment.
4 7. Levee grades developed during report studies were predicated
on the assumption that Garrison Reservoir would limit flows on the
Missouri River between Bismarck and Mandan to a maximum of
about 100,000 cubie feet per second. Such a discharge would resuU
i
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in a water surface elevation of 1,632 feet, mean sea level, near the
mouth of Heart River. Backwater computations for design of levee
grades were accomplished by using this elevation as the initial point.
In the Mandan and downstream. areas, no additional freeboard
allowance for ice, over that involved in developing the stage-frequency
curves from past stage records, has been made since experience has
shown that ice effects on major flood flows are relatively minor.
48. Local drainage landward of the levee would generally be conducted through the levee by means of pipe culverts equipped with
tnanually operated control gates. In the case of the interior drainage
entering the s]ough areas behind the Mandan levee, it is planned that
the drainage would be carried into the easterly slough by means of
an open ditch connecting the westerly slough. From the easterly
s]ough, the impounded runoff would be discharged into Heart River
by means of pumping facilities to be installed near the levee on
existing 60-inch storm and 24-inch sanitary sewers. The proposed
interior drainage plan conforms to that which was proposed in connection with the existing Mandan project. (See appendix I, pl. 4. 1)
49. Estimate of first cost.-It is estimated that construction of the
proposed flood-control project would cost $2,190,811, of which
$1,716,497 would be Federal cost and $474,314 non-Federal cost.
(See Appendix II: 1 Detailed Cost Estimates.)
50. Estimate of annual charges.-For economic evaluation purposes,
useful life is taken as 50 years and the interest rate on funds invested
is assumed to be 2.5 percent. All costs in connection with maintenance
and operation of the completed project would be a responsibility of
local interests. Total annual charges are estimated to be $82,348, of
which $60,524 is Federal and $21,824 is non-Federal.
The nonFederal charges include an estimated annual cost of $5,100 for maintenance and operation.
51. Estimates of benefits.-Benefits would consist of the prevention
of flood damage to existing development and land enhancement
following development for irrigation, exclusive of benefits currently
accruing to existing flood-control works. Estimated flood-control
benefits are restricted to prevention of primary flood damages and
have been adjusted to reflect their real worth over the life of the
project, excluding any long range change in the value of the dollar.
Land-enhancement values are the differences between flood benefits
UJ?-derexisting development and under future irrigation development
Within the areas proposed for protection (see Appendix IV: 1 Economic
i\nalysis) and are based on acreages, crop distribution, and estimated
yields furnished by the Bureau of Reclamation, which has also
m~cated that irrigation development along the Heart River flood
plam from Sunny to the mouth is only partially feasible without flood
protection. Current planning by the Bureau of Reclamation indicates
that 2,480 acres of irrigable land are presently susceptible to flood
damage, of which 1,695 acres would be protected under the proposed
plan for flood control.
52. Construction of the proposed flood-control works would result
in average annual benefits of $149,900 along the Heart River from
Sunny to the mouth. In addition, land-enhancement values estimated to be $3,400, of which 75 percent would be attributable to
1
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provision of flood-control works, would accrue yearly after irrigation
development.
53. Comparison of benefits and costs.-A comparison of average
annual benefits and costs results in a benefit-cost ratio of 1.86 to 1,
and the project is economically justified. Each of the project's
separable units is also economically justified: Sunny area, 1.47 to
1; Mandan, 1.76 to 1; and downstream from Mandan, 2.23 to 1.
. 54. 'Proposed local cooperation.-Local interests would be required
to (a) provide without cost to the United States all lands, easements,
and rights-of-way necessary for construction of the project; (b) hold
and save the United States free from damage due to the construction
works; (c) maintain and operate all the works after completion in
accordance with regulations prescribed by the Secretary of the Army;
(d) raise the existing United States Highway 10 bridge and approaches
west of Mandan; (e) rehabilitate the existing Mandan 24-inch sanitary
sewer from the slough to the proposed pumping plant; and (j) make
a cash contribution for land enhancement equal to 0.5 percent of the
total construction cost, currently estimated at $10,484. By letter
dated December 22, 1953, the chairman of the Lower Heart River
Water Conservation and Flood Control District stated that "the
Board of Commissioners has by unanimous vote approved the overall
plan and project and give it as our considered judgment that the
district will support the same and that the local interests will take
the required steps and be in position to meet their responsibilities in
the successful conclusion of the project."
55. Although no formal representations have been made, officials
of the city of Mandan have indicated that meeting local cooperation
requirements for interior drainage for the proposed project might
present some difficulty because of local real estate problems. They
have suggested that a more elaborate plan might resolve the problems
or that they might wish to defer indefinitely the furnishing of local
cooperation requirements pertaining to interior drainage. Hence, it
is proposed that project authorization, if enacted, be sufficiently
flexible to permit construction of a more elaborate plan provided
the city agrees to bear the increased cost, or to continue present
interior drainage facilities unchanged, if the city is willing to assume
full responsibility for lack of adequate drainage facilities.
56. Coordination with other agencies.-During preparation of the
report, basic data and plans of improvement were discussed and
coordinated with interested Federal, State, and local agencies. These
include the following:
Federal agency: Bureau of Reclamation, United States Department of the Interior
State agencies:
North Dakota State Highway Department
North Dakota State Water Conservation Commission
Local agencies:
Morton County, N. Dak.
Lower Heart River Water Conservation and Flood Control
District of Morton County
City of Mandan, N. Dak.
Northern Pacific Railway Co.
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57. The Bureau of Land· Management, United States Departm~nt
-of the Interior, and the Federal Power Commission were advised by
letter that an investigation was being undertaken for purposes of
flood control on the lower Heart River. Both agencies replied that
they would have no special interest in the investigation.
58. A conference was held o·n December 9, 1953, with representatives of the Bismarck, N. Dak., office of the Bureau of Reclamation,
and the effect of the proposed flood-control project on irrigation
development planned by the Bureau was discussed. Comments of
the Bureau of Reclamation, furnished by letter dated December 17,
1953, stated in substance that with present information on stream
flow, they could not propose immediate full development of irrigation
in the area located in the lowlands between the Sunny Bridge and
the Missouri River, and that not more than an average of about 25
percent of the lower Heart lands would come under irrigation unless
some additional flood protection is provided.
59. A conference was held in Bismarck, N. Dak., on December 9,
1953, with representatives of the North Dakota State Highway
Department.
The proposed plan was outlined, and the highway
-department representatives concurred in general, but pointed out
that eventual relocation of United States Highway 10 between
Mandan and Bismarck was likely. Such a relocation would eliminate
any need for constructing works to protect the highway from flood
damage.
60. The North Dakota State Water Conservation Commission took
.a prominent part in arranging conferences and public meetings during
the fall of 1953, and in December 1953 the commission established
the Lower Heart River Water Conservation and Flood Control
District of Morton County as a legal entity for furnishing any required
local cooperation in a Federal flood-control project.
61. At the several public m~etings held during the latter part of
.1953, Morton Count,y commissioners indicated that, since the problem was largely localized, the county would have no direct interest in
its solution. Following establishment of the Lower Heart River
Water Conservation and Flood Control District of Morton County,
the county commissioners, under the procedure established by State
law, appointed directors for the new flood-control district.
62. On December 18, 1953, a public meeting was held in Mandan
with members of the Lower Heart River Water Conservation and
Flood Control District of Morton County. The proposed plan was
described and an explanation given of the various items of required
loral cooperation. Minor objections were expressed to the following
features: construction of flood-control works in the Sunny area (a
minority group, composed principally of residents outside the proposed protective works, believes that flood-control works in that area
may be unnecessary and should be deferred until the effect of proposed
downstream improvements can be observed); responsibility of local
interests for bearing the entire cost of raising United States Highway
10 bridge; including construction of interior drainage facilities as a
part of the project plan (apparently because of anticipated difficulties
in acquiring pondage area rights-of-way); and the cash contribution
for land enhancement. In addition, requests were made that the
feasibility of enlarging the flowage area ·above the Sixth Avenue SE.
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(Dogtown) Bridge by cutting back the point of the bluff on the south
river bank be investigated and that the proposed plan include pro-visions for river crossings downstream from the Northern Pacific's.
sou th branch bridge.
63. Officials of the city of Mandan attended the conferences and
public meetings held during 1953 to express their interest and desirefor a greater degree of flood protection. They indicated that thecity would cooperate in any acceptable plan for additional flood
protection.
64. During preliminary discussions, representatives of the Northern
Pacific Railway indicated that the railroad does not favor a lifting
arrangement for the bridge west of Mandan nor a trestle on the south
branch. As an alternate, the railroad proposes a permanent raise of
the bridge west of Mandan and a steel and concrete bridge on the
south branch.
65. Discussion.-Major flood damage has been reduced along theHeart River as a result of flood-control storage in Heart Butte Reservoir and construction of the Mandan levee project. Under existing
development, the remaining areas subject to severe flood damage areconfined to that portion of the Heart River flood plain between Sunny
and the mouth. Rural development in the Sunny area is subject to•
frequent flood damage, although monetary damages are large enough
to economically justify protection only against floods of a magnitude
approaching that of the greatest of record. The Mandan leveesystem has successfully protected the city and State training school
from flood damage, despite the fact that the left bank levee has been
overtopped in the downstream section due to backwater from an ice
jam. Raising the existing flood-control works to provide protection
from flood discharges equal to the standard project flood is economically justified and is a practical solution to the problem. Downstream
from Mandan, urban development and United States Highway 10
are subject to frequent flood damage. Flood protection is economically justified, even without Urited States Highway 10 benefits,
and the proposed plan provides for a high degree of protection,
although somewhat less than for the city of Mandan. The lesserprotection is planned due to lesser economic development in the area.
and to insure that ice jams in the lower reach would not adversely
affect protection of more concentrated property values in Mandan.
66. Benefit-cost ratio for the proposed project is 1.86 to 1. Each of
the separable units also has a favorable benefit-cost ratio. Estimated
total construction cost is $2,190,811, of which $1,716,497 is Federal
and $474,314 is non-Federal cost. The estimated non-Federal cost
includes a cash contribution required because of the anticipated land
enhancement.
This cash contribution is 0.5 percent of the total construction cost.
67. A number of other plans were considered in arriving at the
selected plan of improvement.
The alternative plans involved channel realinement and levee construction and, in one case, raising of
Highway 10, downstream from Mandan. The selected plan was
superior from a standpoint of economy, comparative water levels for
design discharges, or degree of protection provided, to each of the
alternative plans considered.
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68. Local interests desire flood control along the Heart River from
Sunny to the mouth. This is particularly true of the area downstream
from Mandan where frequent floods have ca_!lsed severe dam315e.
Local inter.esta are also anxious for a greater degree of flood protect10n
.at Manda.Q_than tht\t now offered by the existing levee project.
However a few individuals have raised minor objections to varjous
features ~f the proposed plan as indicated in paragraph 62. The
request for deferral of construction of the independent Sunny unit
-could be met by the conservancy and flood-control district through
its control (within the 5-year limitation on authorization) over the
time at which real estate requirements for this separable unit are
furnished. The desire of local interests to be relieved of part or all
of the United States Highway 10 bridge reconstruction cost is understandable. However, under existing policy, these costs must be
borne by them. The desire of the city to be relieved of the interior
drainage plan requirements is understood to stem from local real
-est~e problems. It appears desirable to incorporate in the projECt
:authorization sufficient flexibility to permit the city to select a more
,elaborate interior drainage plan provided it agrees to bear the in-creased cost, or to defer meeting this phase of local cooperation
requirements indefinitely if it expressly assumes responsibility for
inadequacy of drainage facilities as a result of such action. The
-contemplated cash contribution required of local interests results frcm
land enhancement which would take place due to construction of the
project, and a cash contribution is in order. A study of removal of
the point of the bluff on the south bank of the river just upstream from
the Sixth Avenue SE. (Dogtown) Bridge indicated that the cost would
be high and the benefits doubtful. Some progress in the desired
direction can be made by use of the point as a source of borrow to the
-extent practicable. Despite the minor objections raised, local interests are strongly in favor of the overall plan and have indicated
th~t loc~l cooperation requirements will be forthcoming at the appropriate tune.
69. It is believed that the railroad modifications proposed herein
would adequately fulfill the requirements of all concerned. Railroad
officials oppose the lifting device planned for their bridge west of
Ma~dan beca:use of the resulting disruption of traffic on a trans~o~tmenta~ railroad. However, proposed conditions with the bridge
h_ftmgdevice would not greatly increase railroad traffic interruptions
smce_ ~he roadbed west of Mandan will be flooded under present
~o~d1t1onsby discharges approximating those which would require
liftmg of the bridge. In addition, under existing conditions, safety
of the bridge is endangered when high flows reach low steel (discharge
23,5qo cubic feet per second) because of the large amount of ice and
debris accompanying most flood flows. The proposed lifting device
would eliminate this hazard. The proposed trestle on the railroad's
south branch is also believed adequate since it would be similar to the
existing structures on the line and, in addition, would be protected
by an ice guard.
70. It is considered that project construction, if authorized, should
proceed with increasing flood protection for Mandan prior to or concurrently with initiating construction of the downstream unit. The
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propo~ed ind~pendent Sunny unit could be constructed at any time·
followmg receipt of assurances of local cooperation.
71. Gonclusions.-It is concluded that:
(a) There is an existing flood problem along the Heart River from
Sunny to the mouth, although the Mandan levee project and Hean
Butte Reservoir have substantially reduced former flood damages.
(b) The protective works proposed in this report offer the most
practicable solution to the flood problem existing at this time and are·
economically justified.
(c) Construction of the proposed project should be scheduled to·
provide increased flood protection for Mandan prior to or concurrently
with downstream construction. The independent Sunny unit could.
be constructed at any time following receipt of assurances of local
cooperation.
(d) Local interests are willing and able to cooperate in construction
of the proposed flood-control works.
72. Recommendations.-It
is recommended that the general comprehensive plan of improvement for the Missouri River Basin, approved by section 9 of the Food Control Act of December 22, 1944,
and prior acts, be expanded to include the project described herein
for further flood protection in the vicinity of Mandan, N. Dak., by
means of levee and channel improvements and appurtenant works
along the Heart River at an estimated cost to the Federal Government
of $1,716,497 for construction, provided that local interests furnish
assurances satisfactory to the Secretary of the Army that they will
(a) provide without cost to the United States all lands, easements,
and rights-of-way necessary for construction of the project; (b) hold
and save the United States free from damages due to the construction
works; (c) maintain and operate all the works after completion in
accordance with regulations prescribed by the Secretary of the Army;
(d) raise the existing United States Highway 10 bridge west of Mandan;
(e) cooperate in construction of the Mandan interior drainage plan
proposed herein by rehabilitating the existing 24-inch sewer, agree to
pay the additional costs involved if the city desires a more elaborate
interior drainage plan, or agree to assume full responsibility for the
inadequacy of present interior drainage facilities in the event that
the city desires to retain unchanged present interior drainage works;
and (j) make a cash contribution to the Federal Government toward
project construction equal to 0.5 percent of the total construction cost
to compensate for expected land enhancement.

H. L.

HILLE,

Colonel, Gorps of Engineers,
District Engineer.
[First Endorsement)
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Omaha, Nebr., March 29, 1954.
To: The Chief of Engineers, Department of the Army, Washington 25,
D.C.
I concur in the recommendation of the district engineer.

w. E. POTTER,

Brigadier General, USA,
Dimsion Engineer.
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